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I. METAL CERAMIC MATERIALS AND PRODUCTS

Metal ceramic materials and Products are made from various powdered metals, :
or from mixtures of these substances with nenmetallie Powders such ag powdered :
graphite, silics, or asbestos. : !

The types and uses of the most common metal, ceramic materials and products
are 85 follows:

Antifriction Sleeve bearings ;
Porous . Filters; heat'-resistant, gas-permeable foundry molds
Friction Brake disks and linings with an iron or copper basge

Electrical engineering Contacts for spot and roll welding, and contacts for
various instruments and electrie furnaces ; magnets;
cores; metal-carbon contacts .

Dense Various machine parts
Refractory Filament wire in electrie light bulbs and contacts, )
medical instruments » and radio engineering equipment ;
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“Properties of Metal Ceramic Materials

The properties of porous metal ceramic materials are intermediste tetween
the properties of pressed and compact metals. The basic factor affecting the
properties of metal ceramic products is their porosity.

A peculiar feature of metal ceramic materials is the lack of the propor-
tional relationship between hardness, compression strength, and tensile strength
which is characteristic of cast material. .

The compression strength of metal ceramic materials of'ten equals or even
exceeds that of cast material of the same composition, whereas the tensile
strength is considerably lower.

Another reculiarity of porous metal ceramic materials is their combination
of a high degree of friability under tension and of Plasticity under compression.
This feature is due to ineomplete contact between the parts of which the sintered
materials are composed.

With & one-percent decrease in borosity, the mechanicael properties of metal
ceramic materials show an increase of 3-10 percent.

The mechanical properties of materials made from coarse powders are lower
than those of materials made of fine powders, these properties being diminished
with an increase in the mumber of components of the materials.

(Data. on the mechanical properties of porous sintered iron are given in Tablel.).

s The diversity of pores depends on the nature of the vovders and the particle
: size. The most common types of pores are (1) the enclosed -- like bubbles, with
no intercommunication; (2) tubular -- elongated and intercommnicating; (3) pocket
shaped -- coarse poresc of the closed type; and (4) micropores -- dispersed through
the entire compact. .

Certain technologicel properties of dense (nonporous) metal ceramic materials
are indistinguishable from those of pressure cast metals. 1In some cases the
properties are even intensified. For example, metal ceramic steel, produced from
carbonyl iron powder » can be welded muek better than cast steel.

Dense metal ceramic products are made for the most part with a base of iron,
copper, aluminum, or their alloys.

Powder metallurgical methods make it possible to manufacture widely differ-
ent parts with a high degree of precision. Data on the chief properties of dense
sintered materials are given in Table 2.

. By powder metallurgical methods a -7- to .9-percent carbon steel can be ob-
;.' " tained, which has the following properties: impact strength, 200-300 kilogram-
' meters per square centimeter; tensile strength, 45-60 kilograms per square milli-~
meter; and Rockwell hardness, A scale, above 65. Table 2 gives the chief prop-
erties of metal ceramic materials.

Technical Characteristics of the Most Important Types of Metal Ceramic Materials

1. Antifriction Materials
This group includes porous bronze-graphite and iron-graphite bearings.

The technical description of the most important types of porous bearings are given
" in Teble 3. ;
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The basic disting;uishing features of porous bearings are as follovs: |

(2) A Brinenn bardness of 25-45, which permits use of the bearings for Loth raw

and hardened shaftg, (b) The properties of bearings with an iron base are al-

(c) e coerfi-

differs little from the coeffi-

(4) e coefficient of friction, with

is less than with bearings of cast tin. bronze. The coeffi-

ecreases with an increase in the load on the bearing. At

the coefficient of fric-
eripheral speed, then increases some-
speeds of more than 2 rieters per second begins slowly to fall
again. (e) Porous bearings are more vear-resistant than cast bearings because
of the absence of dry friction. Porous iron-graphite bearings, for example,
wear six times as well ag babbitt B-83 bearings. In running~-in Properties,
Porous bearings are equael and in some caces even superior to babbitt B-83

Xpansion of porous bearings
cient of expansion of cast bearings.
flood lubrication,

cient of friction d

bearings.

The permissible load on porous bearings depends mainly on their chemi-
cal composition, the particle size of the initial material (the powders ), the
peripheral speed, and the type of lubrication. Table b shows the results of
tests on porous bearings.

Comparative tests on differe,
Scientific Research Institute of Tec
brication (8¢ drops per minute),
showed the following PV values

bitt B-83, 53 ror cast bronze,
bronze.

0t types of bearings at TsNTITMASH (Central
hnology and Machine Building) with drop lu-
at a peripheral speed of 2.2 meters per second,
in kilogram-centimeters ber second: 222 for bab- : §
84 for porous iron-graphite, and 39 for porous :

For the porous iron-graphite bearings developed by TsNIITMASH » the PV
value amounts to 200-250 kil

ogram-centimeters per second.

With PV values up to k0 kilogram-centimeters per second, porous bear-
ings impregnated with 0il require no additionm) lubrication, but when the PV
value is above 40 kilogram-centimeters per second, supplementary lubrication ig
necessary.

2. Metal Ceramic Filters

Metal ceramic filters are made
nickel, brass, or silver.
cylindriecal filters B

chiefly from bronze, less often from
They range in size from 2 to 300 millimeters for
and up to 500 x 1,200 millimeters for filter plates.

With metal ceramie filters, the
from 30 to 60 liters per mimy

Pressure changes within .5

filtration speed of gasoline varies
te per square centimeter of filtering surface, with
-2.5 kilograms per square centimeter.

The tensile strength of bronze i1
millimeter; elongation is
and minimum wall thickness

ters is 3-4 kilogrems per square

2.8-3 percent; porosity, k5-50 percent (by volume);
> 1.5-3 nillimeters,

Metal ceramic lilters ave used for separating o small quantity of solid
Impurities from a large quantity of liquid.

The maximun permissible temperature of the filtering liquid is 500 de-~ :
grees centigrade if the filter is oxidation-resista.nt; otherwise, it is 180 de-
grees.

3. Friction Materials
The technieal deseription of Triction materials are given in Table 5.

|
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4. Contact Materials

Metal ceramic materials are used for velding contacts (for roll and
spot welding), sparking contacts )

and contacts for various switching devices
(knife switches, relays, ete.). .

The. chemical composition of metal ceramic contact materials varies
wldely. The basic components are tungsten, copper, molybdemum, chromium, cad-
mium, zine, cadmium oxide, silver, and nickel. The chief types of contaects
are the following: tungsten (100 percent W ); copper-tungsten {50-70 percent
W); silver-tungsten (50-70 percent W); copper-molybdenum (50-70 percent Mo);
silver-molybdenum (50-70 percent Mo); copper~nickel-tungsten (80-95 percent W,
2-10 percent Cu, 2-10 percent Ni ); tungsten carbide (90-98 percent WC, and the
remainder Co or Os; and silver-base contacts ; including silver-graphite (5-25

Dercent graphite); silver-cadmium (2.5-10 percent Cd0); and silver-nickel (10-
60 percent Ni).

A description of the most

important properties of metel ceramic con-
tacts is given in Table 6.

The erosion resistance of

I
I
i
i
i
i

metal ceramic contacts is many times as
great as that of copper contacts. Metal ceramic contacts can therefore be used

successfully in various types of sparking devices. The durgbility of metal ce-

ramic welding contacts is also considerably greater than that of copper contacts,
as shown in Table 7.

5. Metal-Graphite Brushes

Metal-grophite brushes for e

lectric motors are made from a nixture of
copper and graphite. Their most

significant properties are shown.in Table 8.
6. Metal Ceramic Magnetic Materials

These include (1) magnetic-diclectric alloys such as alsifer (an alloy
of aluminum, silicon, and. iron) and alpico (an alioy of aluminum, nickel, and
cobalt ), which are rressed metallic, ferromegnetic powders, the particles of
vhich are insulated with dielectrics, usually Bakelite; and (2) magnetic mate-
rials for high-frequency currents, made from powders of carbonyl iron and nickel.

The chemical composition and physical properties of metal ceramic mag-
netic materials are given in Table Q.

Metal ceremic megnets are used in telephone sets, relays, radio-location
instruments, and many other instruments.
T.. Metal Ceramic Structural Materials

Powder metallurgical methods are used to mzke netal ceramic siructural
materials ond products from bronze; carbon, stainless, and high-speed steel;
aluninum and zine alloys; and many other metals and alloys. Table 10 gives a
description of the most important metal ceramic structural materisals.

8. Refractory Metals

These include tungsten, molybdenum,

tantelum, niobium, zirconium;, vana-
dium, thorium, hafniun, etc.

Tungsten, in the form of wire or sheet ; is used in the production of
electric light bulbs, contacts in medical instruments, mognetos, ete. Molybdenum
wire is used to make supporting parts for electric light bulbs. Tantalum and

P T
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nicbium are used in sheet form i

n the production of surgical and special corro-
sion-resistant apparatus B

5 as well as for the manufacture of spinnerets for the
productici of rayon. Zirconiun and vanadium ere used in the form of powders and
alloys with iron and other metals to obtain special heat-resistant alloys. ‘The
properties of tungsten, molybdenum, and tantalim are shown in Table n.

Basic Principles for Selection of Metal Ceramic Products

In developing the design of a machine or apparatus, the question of the

efficiency of using metal ceramic products, instead of products preoduced by the

usual methods from a dense metal s can be determined by considering the following
conditions:

. 1. Conditions which contribute to the oce
(narrov projections, sharp spikes, etc.) are i
products..

urrence of compressing stresses
nadmissible for metal ceramic

2. The relationship of the height of an object to its diameter must not
exceed 2.5, and the relationship of the height to the wall thickness should not
exceed 15-17. The maximum accuracy attainnble is second class.

II.. HARD ALLOYS

General Deseription

The hard alloys used in machine building are metal ceramic or fused. Metal

ceramic hard alloys are used for moking the working parts of dies and "tools.used
in cutting and drawing metal 5 for drilling rock, etc. Fused hard alloys are

used for building up the wearing parts of mechanisms and machings, and dies and
attachments, to increase their wear-resistance. )

Metal ceramic hard alloys produced are tungsten and titanium !

-tungsten alloys 5. :
with cobalt used as a btond for the corbides. Fused hord alloys may be subdivided ;
into stellite, quasi-stellite, granular; and electrode types. -

Stellites are cast, fused alloys of cobalt, chromium, tungsten, and carbon,
aud are produced mainly in the form of rods which are ugsed as electrodes for gas
welding. The quasi-stellite fused alloys

(iron, chromium, nickel, and carbon)
closely resemble the stellites in Properties and structure, but they have a dif-
ferent chemical composition. The granular fused alloys (vokar and stalinite)
are produced in the Torm of grits made up of different components (see Table 15).
Electrode alloys are put out in the form of lengths of electrode wire with a
coating of a special composition.

Metal Ceramic Hard Alloys :

L. Chemical Composition and Properties

The chemicel composition and %he physical and mechenical properties of
the metal ceramic hard alloys used in machine building are shown in Tables 12
and 13.

The structure of the VK-type metal ceramic hard alloys is two-phase: ;
crystals of tungsten corbide cemented by a solid solution of the carbide in co-
balt. The structure of the titenium-tungsten alloys (TSKLO, ete.) is three-
phase: crystals of tungsten carbide, a solid solution of the carbides of tung-
sten and titanium, and a solid solution of the carbides in ~obhalt.

..5—
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The significant Properties of metal ceramie hard alloys are their mag- !
netic saturation and coercive force.

The magnetic saturation is approximately proportionate to the cobalt
content of the hard alloy. The coercive force deperds on the dispersity of the
alloy structure. The finer the structure, the higher the dispersity. The mag-
netie saturation of metal ceramic hard alloys ranges from 100 to 150 cersteds )
and the coercive force is 170-250 cersteds.

As to the. durability of tungsten and titanium-tungsten metal ceramic
hard alloys in relation to the speed of cutting in machining steel, the dura-
bility of tungsten alloys decreases continuously with an increase in the cutting
speed, while in the case of the titanium-tungsten alloys, there is a definite
gp;i.r:um speed (75-100 meters Per minute) at which they have the greatest dura,-

ility.

2. Use of Metal Ceramic Hard Mloys

Table 14 shows the recormended fields of use of various metal ceramic
hard alloys.

3. Metal Ceramic Hard Alloy Products

The following items are nade from metol ceramic hard alloys: for ma-
chining metal -- tips for eutting tools (GOST 2209-hk) and drawing dies for .
draving rods and tubes (GOST 2330-k3); for mining -- tips for electric and other
drills, and for coal-cutting machine bits. HNonstandard items are made by spe-
cial order.

Fused Hard Alloys

The chemical composition of fused hard alloys is shovn in Table 15; the com-
Position of electrode coatings, in Table 16 3 the physical and mechanical prop-
erties of cast fused harg alloys, in Table 17; and the physicel and mechanical i
Properties of laminoe bujilt up with granular ang electrode alloys, in Table 18.

Sormayt No 2 submits well to heat-treatment (hnrdenixw, and tempering), which
increases its hardnesg considerably. Heat-treatment of other fused hard alloys
does not produce structural changes in them and has searcely any effect on their
properties. i

1. Microstructure of Fused Hard Alloys

The structural corponents of stellites VK2 and VK3 (‘built-up and- not :

T built-up) are solid solutions of carbides of chromium and tungsten, as well as
free chromium and tungsten in cobalt. With a low carbon content, the strueture
of the stellite ig hypoeutectoid; with an average carbon content, it is eutectoid;
and with a high carbon content, it iz hypereutectoid, with free crystals of the
carbides present along with the solid soluticn. Stellites with hypoeutectoid
structure have maximum resilience and minimum hordness ; while those with hyper-
eutectoid structure have the opposite characteristics.

Sormayt No 1 (built-up and not built-up) has o hypercutectoid structure,
with & morked excess of free carbides of chromiun. k

- Soxmayt No 2 (built-up and not built-up) has a hypoeutectoid structure
(s0lid solution of corbides of chromium in iron and nickel).

Vokar (built-up lamina) consists of = solid sclution of carbides in

iron of varying concentration depending on the thickness of the built-up laming
and other factors. ;

-6 - ;
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Stalinite (built-up laming ) consists of a solig solution of carbides ’
of chromium ang manganese in irop. ;

2. Chromium, Manganese ang Stalinite Electrodes

The structure of the laminge built up with these electrodes; may
Wwithin wide limits, depending on such factors ag the chemical camposition and
the. thicknesg '(weight) of the electrode coating.

\ The laminge built wp with stalinite-coated clectrodec may have austen-
. itie, martensitic, op ledeburitic structure. g obtain 2 laming vith austenitic
structure built up with stalinite-coateq electrodes, it ig hecessary that the
Weight of the coating be equal to 15-18 bercent of the weight of the entire elec- i
trode. Martensitie structure results when the weight of the goating is 20-a5 :
Percent of the total welght; ang ledeburitic structure, when it ig above 30 rer-
cent. The characteristic features of the built-up lopine are the foll, HE
austenitic .. great.vear-resistance, hardness, and resilience; martensitic ..
great hardness, increased friability, and diminisheq wem--resista.nce; ledebur-
itie - very nigh friability; poor we&r-resistance, Porosity, and coarse frac-
ture. The most important fields of uge of fused harg alloys are shown in Table
19.

/Abpendeq tables Toliow,7 |

Table 1. Mechanical Propertieg of Porous Sintered Iron

Properties of Sintered Iron ;

Tensile Strength Yield Point :

Densitx of the Compact !g{co! kg/sq nm kg/sq m i

5.0 .- -- ;

7.5 9-11 8-10 :

6.0 14-16 12413 :

. !

6.5 18-20 13-4

Table 2. Chief Properties of Metal Ceramic Materialg ,

Com- “

Tensile pression Impact . . ;

) Brinell Strength Strength Elonga. Strength. 1

Material Hardness !kg{sg mm) kg/sq mn ) tion. (@! ~/8q cm ;

i

Antifriction, 30-50 12-15 50-60 0-1 6-10 j

with an irep ’ !

base, with 20- |

25% Porosity :

The same, with g 25-30 7~10 L5.60 0-1.5 10-13 i

copper base !
Dense, with an 65-85 28-30 65-80 20-25 10-11

iron base
Friction, with a 30-45 8-12 ko-6o 0-1 -

copper base

-7 -
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Table 3. Technical Description of

the lost Important Types of Porous Bearings

B Chemical Composition (%) Specific Tensile Conpression
Bearing Density Porosity Strength Strength Brinell
¢ Material Fe cu sn Graphite  (g/cc) (%) (kg/sq m)  (%g/sq mm) Hardness
i Iron-graphite 98-97 - - 2-3 5.0-6.5 20-30 8-12 60-80 25-h0
- (Voizit)

Bronze-graphite - 90-86 8-10 2-4 5.5-6.5 18-20 6-8 35-40 15-30
. PV Value . Coefficient of Friction, Coefficient of -6
E Bearing Material (kg-cm/sec) on Steel, Without Lubrication Linear Expansion (10 m_n_/m/oc)
- Iron-graphite 60-80 0.03-0.04 9-11
(Voizit)

Bronze-graphite 25-Lo 0.03-0.0% 12-17

HLOTYISTY
8

Table 4. Results of Testg* on Porous Bearings on Zaytscv's Machine

QLI TELSTY

P=25 kg/sq cm for 2 hrs

P=50 kg/sq cm for 10 hrs

Temperature Coefficient Temperature

Coeflicient

Bearing Material Increase (°C) of Friction Increase !°CL of Friction
Porous iron 2.5 0.018 Lo.7 0.013
Porous iron with 1.75% graphite 25.6 0.026 - 33.8 0.016
content ’

Porous iron with 2% graphite and 32.3 0.016
7% copper

39.8 ' 0.010

Babbitt B-83 26.8 . 0:057 33.1 0.033

*fests were conducted at a speed of 10 meters per second,‘under a load. Lubricant was spindle oil 2.

;._.-.‘-..-.'ﬁ_q-;mﬁ—‘
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Chemical Composition (%) Properties

Material Cu

Copper-base  60-75

Iron-base

Base
Tungst~n
I.-lolybdenwn

Silver

Contacts
Copper

Copoer-~tungsten

Brinell Porosity
Sn Pb Fe Graphite Asbestos Si  Hordness (%)

5-]:0 6-15 - 4-8 Uptol Upto1l 25-h0 2-5

.- 5-10  80-86 Up to 7 Up to 2 - 40-60 2-5

Table 6. Properties of Metal Ceramic Contacts

Specific Density Electrical Condux:tiv:{ty
ce m/ohm x sq mm Brinell Hardness
L_LL____ —="t-- lardness

9.5-14.5 25 x 107438 x 10-4 60-160
8.5-12.5 30 x 1074 4o & 1074 45-125
7.5-9.5 52 x 1074.58 x 10-4 25-50

Table 7. Durability of Metal Ceramic and Copper Welding Contacts

Coefficient
of Friction y
on Steel,
Without

Lubrication (rm/hr )
ubrication

0.3-0.% 0.08-0.1
0.4-0.8 0.1-0.12

Compression Strength
sq_mm

60-130
60-120

Number of Operations Before Breakdown, Under an,Electrical Load of
5 KW

20 KW

10 KW 15 kw
50,000 25,000 18,000
300, 000 150,000 75,000

B

5,000

12,000

0700150299-3
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Table 8. Properties of Motal -Graphite B.uches

Specific Elec-
Brinell trieal Resistance
Hardness (ohm/sq rra/m)

Permissible Current
Density (a/sq cm)*

N

for Release 2011/09/13 : CIA-RDP80-00809A000700150299-3

Permissible Linear Normal Pressure

Speed (m/sec)

Up to L
10-15
15-20
20-25
50

75

6-12 0.05-0.1
0.1-0.25
0.2-0.4
0.3-0.45
k10

6-16

25-30
22-25
22-25
20-22
s

12

20
20
25
25
15

20

*Carbon and graphite brushes have a peimissible current density of 5.5-7.5 a/sq cm.

Table 9. Description of tlhe lost Inportant Types

Chemical Composition (4)
— themical Composi

Moterial Iron

Carbonyl 100
iron¥*

Alnicox* 78-k1
Alni%* 62-57
Algifer®s:  £2.5

Field of use:

(g/sq cm)
120-150
120-150
120-150
120-150
160-200

160-200

of Metal Ceramic ilagnetic lMaterials

Physical Properties

Co-
Nickel  balt

1k-20
25-28

Loss Co-
efficient
Tor Eddy
Currents

Cocrcive
Force
(oersteds)

Initial

Mognetic
Residual Permeability
Induction o (Gauss/
(Gauss) versted)

5 x 1077

4.8 x 1077

3.5 x 1077

¥-Covec of ail lypes for a freguency o up to 100,000 kilocycles
v

*x M

truments
<hoke coils, tu

0.08
500-600
450-580

12-25

6,000 3,300
3,000-4,000 .-
3,500-4,000 -

- 10,000-15,000

QELOTYLSEY
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Table 10. Description of the Most Important
Hetal Ceramic Structural Materiale

Specific Tensile Yield
Density Strength Point Elunga- Brinell
Material (g/cc) sq tm (kg/sq mm) tion (%) Hardness
Pure nonporous iron, 7.8-8.0 20-32 - - 28-40 56-80
sintered, (carbonyl)
Carbon steel with 0.2-
0.3% C (vith a 104
porosity)
Annealed 7.0 27 20 8 60
Hermer-hardened 7.0 31 - 2.5 80 :
Hardened 7.0 39 -- 1 250 ;
¥
Bronze (90% Cu, 10%
Sn, with a porosity of :
about 5%)
Annecaled 7.9 27 16 13 62
Hermer-hardened 7.9 29 23 L T2
Pure copper (with
10% porosity)
Annealed 8.0 27 1 17 55
Henmeer -hardened 8.0 25 21 5 T2
Stainless steel E Ya -- 58 20 30 200
1 (with 209 porosity),
sintercd and hardened
Brass {70% Cu, 30% Zn(  7.88 23 -n 1k 70

Table 11. Properties of Tungsten, Molybdenum, and Tentalum

Properties o Mo Ta
Specific density (g/cc) 19-19.3 10-10.3 16.6
Melting point (°C) 3,%00£50 2,630450 2,9004100
Tensile strength (kg/sq mm) 110-200 . 35-120 90-120
Reletive clongation (for wire --%) 1-k 7 2-5 2-10
Brinell hardness 200-400 200-255 80-200

CoefTiclent of linear expansion at 25°C hhoa 10_6 5.2 % 10-6 --
Heat conductivity at 20°C (cal/em/scc/%C) o4 0.35 0.32
Specific electrical resistance (ohms/ 0.055 0.04:8 -

5q mm/m)
- 11 -
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Table 12. Chemical Composition of Metal Ceramic Hard Alloys, [

According to GOST 3282-47

Chemical Composition of Alloy (%)

Approximate -- by
Structural Comprnents

By Elements

My W e g ¥ po! o c

VK3 -- 3 91.05 -- 3.0 5:95

VK6 [V - 6 88.3 - 6.0 5.70

VK8 - 8 86.37 - 8.0 5.63

VKLO 90 -- 10 8.5 -- 10.0 5.50

VKLS 85 -- 15 79.80 -- 15.0 5.20
T5K1.0 85 6 9 79.6 4.8 9.0 6.4 :
TSKT 88 5 7 82.6 4.0 7.0 6.4
T15K6 79 15 6 7h.2 12.0 6.0 7.80
TI0K: 66 30 I 62.0 2.0 k.o 10.0 '

Table 13. Physical and Mechanical Properties of Metal Ceramic Hard Alloys,

According to GOST 3282-47

Heat Con- E
Bending Specific Rockwell Red Hardness ductivity Electrical ;
Strength Density Hardness Temperature  (eal / cm, / Resistance .
Alloy  (kg/sqmm) (g/ec) (A seale) (°c) sec/OC) (ohms/sq mm/m) "
VK3 100 1%.90 89.0  1,100-1,150  0.169 0.198 {
VK6 120 1k.50 88.0 1,050-1,100 0.145 0.206 ‘
VK8 130 14.35 87.5 950-1,,000 0.141 0.207 f
VKLO 135 .20 87.0 800-950 - -
VK15, . 160 13.90 8.0 850-900 0.168 0.188 f
PSK1O = 115 12.20 88.50  1,100-1,150 - -
T5K7 © 108 12.5 89.0 1,100-1,150 0.072 - 0.248.
TISK6 110 11.0 $0.0 1,200 0.065 0.399
“T30Kh 20 9.5 9L.0 1,200 - -
:
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Teble 4. The Use of Metal Ceramic Herd Alloys

General Description

Very high wear-resistance and
hardness, with low resilience

Main Fields of Use

A1l types of processing of nommetallic
materials (glass, coal, stome, plastic,
ete.)

VK6 Average resilience and wear- Semirough and finish grinding, milling,
resistance and reaming of cast iron and nonferrous
metals
VK8 High resilience and durability, Rough grinding, milling, drilling, and
good resistance to impact and other types of rough machining of cast
vibration iron and nonferrous metals
VK10 High resilience and wear- Drawing of steel and nonferrous metal
VK15 resistance rods and tubes (VKL5 alloy is also used
for drilling)
TSK1O0 High resilience, good resist- Rough grinding and other types of rough
TSKT ance to impact and vibration machining of steel
T15K6 Less resilient than TSKT7 and Semirough and finish grinding, high-speed
TS5KLO, but more wear-resistant grinding and milling of steel, cutting
of threads, and reaming of holes
T3CKE  Very high wear-resistance and High-speed grinding and boring of steel,
hardness with chips of small cross section
Table 15. Chemical Composition
of Cast and Granular Fused Alloys
Chemical Composition (%)
Impur-
Alloy o G 0m Fe G M € St itdes
Stellite 13-17 47-53 Up to Up to 2 27-33 1 1.8- 1-2 1-1.5
VK2 2 2.5
Stellite 4-5 56-62 Upto Upto2 28-32 .- 1-1.5 2.5 1.1.5
VK3 2
Sormeyt - - 3-5 Remain- 25-31 1.5 1.5- 2.8- 1-1.5
o 1 der 3.3 k.2
Sormayt .- - 1.3- Remain- 13-17 1.0 1.5~ 1.5- 1-1..5
No 2 2.2 der 2.0 2.2 R
Stalinite No No No Remain- 16-20 13-17 8-10 Up to 1-1.5
data data data der 3
Vokar 85-87 -- - Up to 2 - - 9-10 Up to 1-1.5
3
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Teble 16. Composition of Electrode Coatings

Composition (%)
Percent of

Ferro- Soluble Glass
Ferro- Manga- Ferro- Boron in Relation to
Coating chrome nese titanium Stalinite Carbide Graphite Chalk Fluorspar Feldspar Dry Coating

Chromium 70 - -- -- 15 15 -- -- 5-8
Manganese - - - 5-8
Stalinite -- 5-8
T-590 90
T-540 36.
T-600 72.

g
g
g

Table 17. Physical and Mechanical Properties of Cast Fused Hard Alloys

Progerties of AJ_].OX Properties of Single Built-Up Lamina

[}?cmkwel.‘LZ?v Specific Tensile Rockwell
Hardness Densit; Relative Strength Hardness Relative
ZEZ cc ?%

Alloy (c scale?z Melting Point Wear* gggsg n:m) gc sc&le! Wear*

Stellite VK 2 h6-48 1,260 0.65-0.70 60-70 L6-47 0.40-0.60
Stellite VK3 4243 8.55 1,275 0.60-0.65 60-70 hi1.43 0.50-0.55

Sormayt No 1 Lo-sl 7.k 1,275 0.55-0.70 35.0 kg-50 0.61-0.65
Sormayt No 2 4o-45 7.6 1,300 0.30-0.70 39-43 39-43 0.65-0.70

* The wear of mangenese wear-resistant steel G12 is equal to 1
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Table 18. Physical and Mechanical Properties of Laminse l
Built Up With Granular and Electrode Alloys (per single lamina) X

Rockwell
Hardness Relative Red Hardness
Alloy , {C scale) - Wearr %
Granular
Vokar 61-63 0.17-0.18 1,000-1,900
Stalinite 56-57 0.57-0.60 800-850
Electrodes with wear-resistant
coating ‘
Chromium 55-58 0.8-0.9 850-500 i
Manganese 52-56 0.95-1.0 T00-~750 I
Stalinite sh-56 0.58-0.62 750-800 !

* Wear of mapganese wear-resistant steel G12 is equal to L

Table 19. Recommended Fused Harg Alloys

Recommended Fused
Causes of Wear (Conditions of Work

Hard Alloys
Impact and Rough mechanical wear {crusher Jjaws, ex- Vokar, stalinite, elec-
shock cavator teeth, milistones for disk mills, trodes (with wear-re-
grab crane jaws, etc.) sistant coating) Sor-

mayt No 1 and 2

Careful machining and heat-trestment are
required after fusiug on {punches for
riveting, etc.)

Attrition and Hot cutting of metals (trimming dies and Sormayt No 1 and 2
impact punches, blades for shears, triming
rings, etc.)

Cold cutting of metals (trimming dies Sormayt No 1 and 2
and punches, blades for shears, blanking
dies, punches, etc.)

Attrition (for Rough wear (screw-conveyer blades, plow- Vokar, stalinite,
the most part) shares, exhaust-fan blades » rollers for coated electrodes
. roll tables, etec.)

Machining is required after fusing on Sormayt No 1 and 2
(shaft end axle journals, bearing

bushings, measuring instruments, feed

rollers)
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Recommended Fused
Causes of Wear Conditions of Work Hard Alloys
Frosion and Corrosion, no strong mechanical effects, Stellites, sormayt
corrosion and at moderate temperatures (steam No 1 and 2

turbine blades)

Corrosion and mechanical effects, at

Stellites, sormayt
high temperatures

No 1, and stalinite
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